Care home residents are vulnerable to the adverse effects of prescribing but there is limited monitoring in the UK.
INTRODUCTION
Prescribing quality is an important determinant of wellbeing for older people, and balancing demands for increased effective prescribing with the risk of adverse events is a challenge for primary care. 1 Inappropriate or excessive use of a range of medication, including psychotropic and anticholinergic drugs, has been shown to increase mortality, hospital admission, falls, functional impairment, and cognitive decline. [2] [3] [4] Older people in care homes are particularly vulnerable to the adverse effects of medication, and high levels of potentially inappropriate prescribing have been reported among older people in care homes. [4] [5] [6] Since 2004, the UK general medical services contract has incentivised medication review for all patients receiving repeat medication, but the content of reviews is not specified and prescribing in care homes is not nationally monitored. Prescribing quality is not within the remit of the UK care home inspection regime, although pharmacy management is included. 7 This contrasts with the US, where nursing home prescribing has been subject to legislative control for a number of years, with legislation requiring that nursing home residents are not prescribed 'unnecessary' drugs. 8 US regulation includes mandatory monthly medication reviews by consultant pharmacists, guided by national guidelines.
Limited information exists on the quality of prescribing in UK care homes and few studies internationally allow a direct comparison between older people in different residential settings. 9 This study compares prescribing quality in care home and community settings in England and Wales. Specifically, it compares prescribing of 'concern' drug groups with the potential for harmful excessive use, prescribing of commonly-used drugs, and the overall level of potentially inappropriate prescribing using the Beers criteria (a consensus list of medication best avoided in older people). 10 Additionally, it compares potentially inappropriate prescribing in nursing homes in England and Wales with the US.
METHOD

Data sources
The Health Improvement Network (THIN) is an established primary care database, which collects anonymised data from UK general practices and includes a full record of diagnosis and prescribing. 11, 12 THIN includes an identifier, family number, which allows practices to link patients who live in the same household or institution.
Identifying care home residents Care homes in the UK are classified as either nursing or residential homes, and primary care physicians are responsible for prescribing in both. This research commissioned anonymised postcode linkage in THIN to identify patients who lived in postcodes that included a nursing or
Aim
To compare prescribing quality in care homes in England and Wales with the community and with US nursing homes.
Design and setting
Cross-sectional analysis of a UK primary care database and comparison with the US National Nursing Home Survey including 326 general practices in 2008-2009 in England and Wales, with 10 387 care home and 403 259 community residents aged 65 to 104 years.
Method
Comparison of age-and sex-standardised use of 'concern' and common drug groups in the last 90 days and potentially inappropriate prescribing based on a consensus list of medications best avoided in older people (Beers criteria).
Results
Compared to the community, care home residents were more likely to receive 'concern' drugs, including benzodiazepines (relative risk (RR) = 2.05, 95% confidence interval (CI) = 1.90 to 2.22), anticholinergic antihistamines (RR = 2.78, 95% CI = 2.38 to 3.23), loop diuretics (RR = 1.47, 95% CI = 1.41 to 1.53), and antipsychotics (RR = 22.7, 95% CI = 20.6 to 24.9). Use of several common drug groups, including laxatives, antidepressants, and antibiotics, was higher, but use of cardiovascular medication was lower. Thirty-three per cent (95% CI = 31.7% to 34.3%) of care home residents in England and Wales received potentially inappropriate medication, compared to 21.4% (95% CI = 20.9% to 21.8%) in the community. The potentially inappropriate prescribing rate in US nursing homes was similar to England and Wales. residential home. Postcodes in the UK relate, on average, to 15 addresses.
Care home residents were identified based on the presence of either a specific record of residence in a care home or at least two other independent markers of care home residence. The independent markers were registered address in a care home postcode, a family number with four or more older people in a household; and a record of consultation in a care home. Most postcodes uniquely relate to a single care home, allowing care home type (nursing or residential) to be classified, but some care home residents were not classifiable (n = 1403). 13, 14 It has previously been shown that the study approach identifies approximately 70% of older care home residents. 13 Patients with no markers of care home residence were identified as living in the community and those with only one independent marker were excluded from analysis. This ensures that the community comparison group does not include care home patients. 13 
Participants
The study included 10 387 residents in care homes for older people and 403 259 older people in the community aged 65-104 years, from 326 practices in England and Wales. All participants had at least 90 days' registration with their practice during the period March 2008 to February 2009. 14 
Prescribing
Any prescription in the last 90 days was identified, and medications were grouped according to the third level (paragraph) of the British National Formulary hierarchical classification of medications to identify any patient who had received that drug class in the last 90 days. 15 The occurrence of a medication review in the last year was identified by Read Codes for medication review in the primary care record.
Drug groups 'Concern' drug groups with the potential for harmful excessive use and resultant adverse outcomes were identified. These were selected primarily based on the Beers criteria but loop diuretics, corticosteroids, and antipsychotics were also included, based on their potential for inappropriate excessive use and risk of adverse events. Inclusion of drugs in the 'concern' group does not necessarily imply inappropriate prescribing and many of the drugs have indications in older people. This paper also presents common drug groups that featured in the top 10 drug groups prescribed in either care homes or the community.
Potentially inappropriate prescribing
The Beers criteria for potentially inappropriate prescribing lists drugs that are: (i) inappropriate at any dose for all older people and (ii) inappropriate above a certain dose threshold or for patients with specified comorbidities. 10 The list does not include most antipsychotic medication.
The authors have previously modified the 2003 Beers criteria for use in a UK primary care database. 16, 17 In brief, drugs on the Beers criteria list, and their UK equivalents, were identified in the Multilex drug directory used by THIN, and receipt of a prescription for these drugs was identified. For this analysis, amitriptyline was excluded from the dose-independent criteria, on account of its appropriate use at low dose for neuropathic pain. This paper presents the proportion of patients receiving any Beerscriteria-inappropriate medication in the last 90 days and, for comparison with US data, patients receiving medication that is inappropriate at any dose, irrespective of comorbidity.
US prescribing
A separate analysis was conducted of data from the 2004 US National Nursing Home Survey; a survey undertaken in Medicare-or Medicaid-certified or state-registered nursing homes. 18 This included 11 860 nursing homes residents aged ≥65 years with medication recorded, and identified patients receiving medication that is potentially inappropriate for all older people at any dose, according to the Beers criteria.
How this fits in
Older care home residents are vulnerable to the adverse effects of medication but there is limited regulation or monitoring of care home prescribing in the UK. Care home residents are more likely to receive medication with the potential for harmful excess use, including psychotropic and anticholinergic medication, than their community counterparts. The rate of potentially inappropriate prescribing in nursing homes in the US and England and Wales is similar, despite stronger regulation in the US. There is potential for improving the quality of prescribing in care homes, and an approach targeted at risk, rather than repeat, prescribing may be more effective in improving wellbeing for older people.
Predictors of potentially inappropriate prescribing Prescribing of Beers drugs that are inappropriate for all older people at any dose was examined by age, sex, region, area deprivation, dementia diagnosis, physical comorbidity, number of different drug classes received, and type of care home. Dementia was identified based on Read Codes for dementia used in the UK general medical services contract and additional codes for cognitive decline. 19 For comorbidity, a simple count of the number of conditions recorded out of coronary heart disease, diabetes, heart failure, stroke, hypothyroidism, chronic obstructive pulmonary disease or asthma, Parkinson's disease, and active musculoskeletal conditions was used.
Analysis
For descriptive comparison, all results are directly standardised for age (5-year age bands) and sex to the combined care home population in the study sample. Predictors of prescribing were modelled using log binomial generalised estimating equations. These allow for clustering within practice (using an exchangeable correlation structure), which produces robust standard errors. 20 For comparison of prescribing of specific drug groups between settings, models were developed for each drug group, and prevalence risk ratios (RRs) are presented for care homes compared to the community, adjusted for age and sex.
Predictors of inappropriate prescribing were examined by separate models for care home and community, initially adjusted for age and sex, and then additionally adjusted for region, area deprivation (community only), care home type, comorbidity, and number of drug classes.
RESULTS
Patient characteristics and overall prescribing
The mean number of different drug classes received by patients, in the last 90 days, was 4.9 in the community and 8.4 in care homes, with a small difference between nursing and residential homes; 81.4% of care home patients had received a medication review in the last year, compared to 67.8% in the community (Table 1) .
Prescribing in different settings in England and Wales 'Concern' drug groups. Crude and ageadjusted comparison of prescribing in the community and care homes shows higher use of all 'concern' drug groups in care homes, with the exception of non-steroidal anti-inflammatory drugs (NSAIDs; Table 2 ). The most marked differences in medication use were for psychotropic medication, with high use of antipsychotic drugs (RR = 22.7, 95% confidence interval [CI] = 20.6 to 24.9) and benzodiazepines (RR = 2.05, 95% CI = 1.90 to 2.22). In addition, care home residents were significantly more likely to receive anticholinergic antihistamines (RR = 2.78, 95% CI = 2.38 to 3.23), loop diuretics (RR = 1.47, 95% CI = 1.41 to 1.53), and anticholinergic bladder medication (RR = 1.69, 95% CI = 1.52 to 1.88). Differences between nursing and residential homes were e331 British Journal of General Practice, May 2012 generally small but use of anticholinergic antihistamine and antispasmodic drugs was higher in nursing homes.
Common drug groups. Care home residents were more likely to receive eight of the 13 common drug groups ( Table 4 . Table 5 shows age-and sex-adjusted predictors of Beers criteria inappropriate prescribing, in the community and in care homes in England and Wales. In both settings, the number of drugs received was strongly associated with inappropriate prescribing. In the community, dementia diagnosis had little effect on the likelihood of receiving potentially inappropriate medication, while in care homes, potentially inappropriate prescribing was less common in patients with dementia. It should be noted that the Beers criteria do not include most antipsychotic medications, which are more commonly prescribed in patients with dementia. Other comorbidity was associated with inappropriate prescribing in both settings but the effect was weaker in care homes.
Predictors of inappropriate prescribing
After full adjustment, the number of drugs remained a strong and persistent predictor of inappropriate prescribing in both care homes and the community. However, the number of comorbid conditions did not predict inappropriate prescribing in either setting after full adjustment.
DISCUSSION
Summary
In England and Wales, older care home residents, compared to community residents, experience a higher burden of prescribing of medication with the potential for harmful excessive use and adverse events, including psychotropic medication and anticholinergic drugs. One-third of care home residents in England and Wales 
Strengths and limitations
Comparisons of prescribing quality between settings based on published studies are difficult, due to different approaches to implementation of Beers or similar criteria. 21 The present study overcomes this problem by making comparisons using the same approach to criteria implementation in each setting.
The Beers criteria were developed in the US, and some have questioned the appropriateness of their application in Europe, on account of differences in practice and drug availability. 22 The present results do not support this concern, as similar medications make a large contribution to inappropriate prescribing in both countries. Other newer measures of prescribing quality are available but the Beers criteria have the advantage of simplicity, especially where recording of comorbidity may vary between settings. The analysis of 'concern' drug groups in this study allows an alternate description of prescribing quality, by capturing prescribing across a range of medications that put older people at risk of serious adverse events through excessive use.
The analysis did not adjust comparisons between settings for comorbidities or polypharmacy. The rationale for this is that many drugs, such as anticholinergic and psychotropic medication, impair functional status and their impact on quality of life will be greater in patients with high levels of frailty or comorbidity. Adjustment for comorbidity may mask poor prescribing to vulnerable older people and give a falsely optimistic estimate of potentially harmful prescribing in care homes. Furthermore, differences in recording of comorbidities between settings would lead to biased estimates after adjustment.
Comparison with existing literature
The findings of this study are consistent with existing studies that describe high use of psychotropic and potentially inappropriate medication in US nursing home settings. 5, 9, 23 In terms of prevalence and characteristics of inappropriate prescribing, the present findings are very similar to a recent Australian study. 6 Studies that allow comparison between residential settings are limited. A recent regional Scottish study described a 30% higher unadjusted use of potentially inappropriate medication in care homes compared to the community, and a US study that examined inappropriate prescribing in three residential settings showed higher levels of inappropriate prescribing in nursing homes compared to the general community. 9, 24 The present authors, and others, have previously described the strong relationship between polypharmacy and receipt of potentially inappropriate medication and the present findings are consistent with this explanation for higher levels of inappropriate prescribing in care homes. 17, 22, 24 Implications for practice and research The high use of antipsychotic medication in care homes is a well-recognised concern and the focus of a national policy initiative. 25 The authors have previously described antipsychotic prescribing in care homes and most prescribing is to patients with dementia without a diagnosis of severe mental illness. 26 The higher use of benzodiazepines and anticholinergic medication in care homes is a concern, as these drugs have been specifically identified as leading to functional impairment. 2, 3 The lower use of NSAIDs in care homes suggests that concerns over adverse events in older people has influenced prescribing but this finding needs to be considered in the context of the overall quality of pain management, which is beyond the scope of this study.
High use of loop diuretics, despite similar heart failure prevalence to the community, suggests either inadequate recording of heart failure or inappropriate use of diuretics for the management of dependent oedema. The authors have previously found that chronic disease may be under-identified in UK care homes and that prescribing of angiotensin-converting enzyme inhibitors for heart failure was lower in care homes than in the community. 13, 14 Overall, the markedly lower use of cardiovascular medication in care homes compared to the community is noteworthy. The most common indication for prescribing cardiovascular medications is treatment of hypertension, which is less likely to be diagnosed in care home patients. 13 Further work is required to determine whether this lower use of cardiovascular medication in care homes is appropriate.
The high use of laxative medicines and nutritional supplements, although not necessarily a risk for older people, suggests a need for improved dietary management and reinforces concerns over nutrition in care homes. 27, 28 Higher antibiotic use in care
Funding
This study was funded by a grant from the BUPA Foundation, an independent medical research charity. The funder had no involvement in the study design; collection, analysis, and interpretation of the data; writing of the article; or decision to submit the article for publication.
Ethical approval
This study was approved by the South-East Multicentre Research Ethics Committee (reference 08/H1102/33).
Provenance
Freely submitted; externally peer reviewed.
Competing interests
The authors have declared no competing interests.
Discuss this article
Contribute and read comments about this article on the Discussion Forum: http://www.rcgp.org.uk/bjgp-discuss homes may be appropriate, given resident frailty, but highlights the risk of antibiotic resistance in communal settings and the need for vigilance. The strong association between polypharmacy and potentially inappropriate prescribing, prima facie, supports UK policy, which incentivises medication reviews for patients on repeat medication. However, as the vast majority of patients in care homes receive multiple medications, such an approach will lack specificity in care homes. Furthermore, evidence suggests that total drug use is less important than the contribution of specific drugs to functional impairment in older people, and the authors have previously shown that increased prescribing, as a result of the Quality and Outcomes Framework, has not necessarily increased potentially inappropriate prescribing. 2, 16 This suggests an approach targeted at risk, rather than repeat, prescribing may be more effective in improving wellbeing for older people.
The comparison with the US, although subject to caveats inherent in such international comparisons, suggests that the quality of prescribing in UK nursing homes is similar, at least based on the measures in the Beers criteria. This is surprising, as US nursing homes are subject to legislative regulation that includes monitoring of many drugs included in the Beers criteria. 8 The comparison, in this study, between community and care home settings in the UK suggests that higher uptake of incentivised reviews in care homes does not prevent higher levels of inappropriate prescribing. This emphasises the need for additional effective interventions to improve prescribing quality, in addition to either regulation or incentivised medication reviews. This conclusion is consistent with evidence that questions the effectiveness of medication reviews in care homes and mandatory drug reviews in the US. [29] [30] [31] In conclusion, there is potential for improving the quality of prescribing in care homes. In particular, reducing the high use of anticholinergic and psychotropic medication could improve function and wellbeing in a vulnerable population. Improving prescribing in care homes presents a challenge to physicians, who need to balance the increasing demands for effective prescribing with the need to minimise adverse events. There is a need for evidence-based prescribing interventions in care homes, which are more effective and focused than current incentivised medication reviews. 29, 32 
